A previous examination of the over-all catabolic activity of certain strains of pleuropneumonialike organisms of human origin toward amino acids demonstrated that only glutamine and arginine were readily degraded (Smith, 1955a) . L-Glutamine was completely converted to glutamic acid by some mechanism of deamidation. Levintow and Meister (1954) reported on the ability of a purified pea enzyme, capable of svnthesizing glutamine, to carry out the reversal of this reaction with the resultant formation of adenosinetriphosphate (ATP). It was of interest to examine pleuropneumonialike organisms for the presence of a similar enzyme in view of the absence of any enzymatic activity toward the usual energy-yielding substrates, i. e., EmbdenAMeyerhof and tricarboxylic acid cycle compounds. Furthermore, studies on the nutritional requirements of these strains indicated a requirement for L-glutamine in synthetic media (Smith, 1955b) .
MATERIALS AND METH ODS
Strain 39 was employed exclusively in these studies. This strain possesses the ability to multiply in synthetic media (Smith, 1955b) . Cells were grown and harvested as previously described (Smith, 1955a) . Cell-free extracts were prepared by subjecting suspensions of washed whole cells, containing 1 or 2 mg cellular nitrogen per ml, in M/15 tris(trihydroxymethylaminomethane) buffer to sonic vibrations in a 9-kc Raytheon magneto-constriction oscillator for a period of 20 min. Cellular debris was removed by centrifugation at 13,000 rpm for 5 min in a Servall angle centrifuge.
Enzymatic reactions were carried out at 37 C in Thunberg tubes employing the appropriate phosphate, tris, or citrate buffer for the indicated time intervals. Generally, the reactions were 1 This work was supported in part by a contract (Nonr 551(04) ) between the Office of Naval Research and the University of Pennsylvania. 91 stopped by the addition of 10 per cent trichloracetic acid except for those reactions in which ATP was measured. The latter reactions were stopped by heating in a boiling water bath for 1 to 2 min.
Glutamine and glutamic acid were measured by quantitative paper chromatography as previously described (Smith, 1955a) . Values of glutamic acid were corrected for the amount of this amino acid in the commercial glutamine preparation when glutamine served as the substrate. Ammonia was measured by the nesslerization reaction or by the Conway diffusion technique (Conway and Byrne, 1933) . Inorganic phosphate was determined by the method of Fiske and Subbarow (1925) . ATP was measured by the enzymatic method of Kornberg (1950) . Detection of hydroxamic acid formation was accomplished by measurement of the brown color which appears on the addition of ferric chloride (Lipmann and Tuttle, 1945 Most of the enzyme systems which degrade glutamine with the formation of ATP also carry out the reverse reaction with the equilibrium favoring glutamine synthesis. It was of interest to determine the ability of the cell-free extracts to synthesize glutamine since this compound is a nutritional requirement, although not absolute, for these organisms in synthetic media. Incubation of the cell extract with glutamic acid, ATP, ammonium chloride, MIg++, and eysteine resulted in the formation of small amounts of glutamine. However, little glutamine was formed when the reaction was carried out at pH below 7.0. The significance of the reaction in providing high energy phosphate for the organisms rested with the possibility that the equilibrium of the reaction favored glutamine degradation and hence ATP formation. Subsequently, the equilibrium values for the forward and reverse reactions were determined. Five .Lmoles each of glutamine, KH2PO4, and ADP were incubated for 3 hr with cell-free extract derived from whole cells containing 1 mg nitrogen to determine the equilibrium of the reaction degrading glutamine and forming ATP. Similarly, 5 ,umoles each of glutamic acid, NH4Cl and ATP were employed for the determination of the equilibrium of the reaction synthesizing glutamine. Table 3 shows the net change in the various components of the reaction mixtures. The equilibrium value for the formation of ATP was calculated to be 4 X 10°, while that for the synthesis of glutamine was 2 X 10-2. Thus, the equilibrium was shown to favor ATP formation. These values were calculated from several analyses of triplicate determinations. the reaction was masked by the hydrolytic deamidatinn of glutamine. Substitution of phosphate with arsenate should result in arsenolysis with the liberation of ammonia equimolar with glutamine loss. Figure 1 shows that complete degradation of glutamine with the rapid liberation of ammonia occurred in the presence of 100 ,umoles of sodium arsenate. In the absence of arsenate and phosphate no significant ammonia release was noted. These results are in accord with the possibility that a phosphorylated intermediate of glutamine is formed during the reaction.
This reaction involving the degradation of glutamine with the formation of ATP was found to be specific for glutamine. Per tube: L-glutamine, 30 umoles; pyridoxal phosphate, 10-r M; cell extract equivalent to 1.0 mg whole cell N. Final volume, 1.0 ml. Reaction time, 60 min. No positive color reaction was observed. Hydrolytic deamidation of glutamine. Cell free sonic extracts of strain 39 also exhibited a reaction resulting in the liberation of ammonia from glutamine which did not require the participation of ADP. It was found possible to study this reaction at alkaline pH without the interference of the ATP-forming system. Table 5 shows the effect of pH on this reaction. It can be seen that optimal activity occurs at pH 8.0. No cofactor requirement could be demonstrated. Table 6 shows that no decrease in activity is apparent in the absence of any cofactor including inorganic phosphate. Cell extracts dialyzed against numerous changes of pH 8.0 tris buffer for 48 hr resulted in no diminution of activity. Stoichiometric amounts of ammonia were liberated and glutamine lost. Glutamic acid was the end product of this reaction. However, complete recovery of glutamine lost as glutamic acid was never possible since glutamic acid is further metabolized.
Substitution of glutamine with asparagine resulted in no ammonia liberation. As is the case with the ATP-forming system, this reaction appears to be specific for glutamine.
Various compounds wvere added to the reaction mixture in an attempt to demonstrate inhibition of the hydrolytic deamidation reaction. Among seven different inhibitors tested only "bromsulphalein" was found to exert an effect on the reaction. This compound when added at a level of 3 X 10-3 M brought about 60 per cent inhibition. Iodoacetate and arsenite at a level of 10-2 M caused a 10 per cent reduction in the amount of ammonia liberated. This was not considered significant. No inhibitory activity was noted with 10-2 M levels of cyanide, fluoride, or semicarbazide. Glutamic acid likewise was ineffective.
DISCUSSION
The deamidation of glutamine with the concomitant formation of ATP represents the second reaction carried out by the human strains of pleuropneumonialike organisms capable of supplying energy. The other reaction is the oxidation of monohydric alcohols demonstrated by Lecce and Morton (1954) . It is significant that glutamine is a growth requirement for the strain studied. That this requirement is not met completely by glutamic acid adds importance to the finding that glutamic acid, one of the reaction products of glutamine deamidation is not catabolized but appears to be directed toward synthesis (Smith, 1955a) . Currently it is not clear what role ATP formation during glutamine deamidation plays in the generation of high energy phosphate in relation to the over-all metabolism of these organisms. However, the lack of activity toward other substrates related to high energy bond formation, the requirement of relatively large amounts of glutamine in synthetic media, and the equilibrium of the reaction favoring ATP formation indicate that significant importance may be placed on this reaction. On the other hand, the pH of optimal activity of this reaction is far below the optimal pH for growth of the organisms. Permeability factors cannot account for the necessity of an acid pH since the studies were performed with cell-free extracts.
The hydrolytic deamidation of glutamine occurs at a pH near the optimum for growth. Peak activity is found at pH 8.0, which corresponds to the optimal pH for the glutaminases of mammalian tissues (Archibald, 1944; Meister, 1956) . By way of contrast the glutaminases of Clostridium perfringens (C. welchii) and Escherichia coli exhibit pH optima around 5.0 (Meister, 1956 ). This reaction differs from previously reported deamidases in that there is no cofactor requirement and no acceleration of the reaction by addition of mono-or divalent anions and ca-keto acids. Carter and Greenstein (1947) and Greenstein and Leuthardt (1948) Greenstein and Carter (1946) to catalyze a glutaminase in rat tissue. The glutaminase of C. perfringens is activated by monovalent anions such as bromide and chloride but not by divalent anions (Meister, 1956) .
The role of glutamine as an amino donor in transamination in this group of organisms has not been thoroughly studied. Previous attempts to demonstrate transamination have not yielded positive results. These negative findings are probably due to the use of a-ketoglutaric acid as the amino acceptor (Smith, 1955a no cofactor requirement, and is inhibited by "bromsulfalein." Both reactions appear to be specific for glutamine. The optimal pH for ATP formation lies between pH 6.0 and 6.5, while peak activity for hydrolytic deamidation occurs at pH 8.0. The significance of these reactions is discussed.
